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Chronic exposure of human or murine skin to ultra-
violet B (UVB) radiation alters dermal extracellular 
matrix composition and increases the number of mast 
cells and inflammatory cells. Experiments were de-
signed to test the possible role ofUVB-induced tumor 
necrosis factor-a in these photoaging changes based on 
reports that C3HjHeN, but not C3HjHeJ or Balbjc 
mice, produce excess TNF-a in response to UVB expo-
sure. Pigmented C3HjHeN and C3HjHeJ strains were 
exposed to a total of 75 Jjcm2 ofUVB radiation, and 
unpigmented Balbjc mice were exposed to 19 Jjcm2• 
The UVB-induced increases in collagen, glycosamino-
glycans, and neutrophil number were similar or the 
same in all three strains. The elastin increase was 
greater in C3HjHeJ than in C3HjHeN mice. The most 
striking difference between the strains was a 7.7-fold 
UVB-induced increase in mast cells in C3HjHeN mice 
compared to no increase in irradiated C3HjHeJ mice 
and a 2.3-fold increase in Balbjc mice. These results 
suggest that excess TNF-a (or other mediator) pro-
C hronic exposure of skin to solar radiation produces visible, histologic, and biochemical changes that are termed "photoaging" and that are distinct from those produced by chronologic aging [1]. ~io.chemi­cal and histologic features of photoaged skm mclude 
marked increases in elastotic material and glycosaminoglycans 
(GAGs), disordered collagen in a thickened dermis, and incre~se~ in 
the number of mast cells and inflammatory cells [2,3]. Simliar 
changes are seen in murine skin when experimental animals, typi-
cally hairless albino mice, are exposed to ultraviolet B (UVB) radia-
tion for extended periods, usually 10-30 weeks [4-6] . 
The photobiologic and biochemical mechanisms underlying 
these changes currently are being investigated. The dommant chro-
mophores for most indicators of photoaged skin absor~ il~ the UVB 
range (290-320 nm) [7,8]. High doses ofUVA radiation (320 -
400 nm) over long periods produce qualitatively and quantitatively 
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duced in C3HjHeN skin (but not C3HjHeJ skin) in 
response to UVB exposure is involved in the mast cell 
increase and partial inhibition of elastin increase, but 
that neither these mediators nor mast cell products are 
important mediators for the chronic UVB-induced 
increases in neutrophils, glycosaminoglycans, and 
collagen. When a possible source of the excess 
TNF-a was investigated, it was found that isolated epi-
dermal cells from all three strains produced increases 
in TNF-a in response to UVB radiation. These results, 
as well as the previous results showing differences be-
tween these strains in UVB-induced effects on cutane-
ous immune function, are consistent with a model in 
which UVB-induced mediators from the epidermis 
stimulate another cell type to produce excess TNF-a 
(and other mediators) in the C3HjHeN but not C3Hj 
He J or Balb j c mice. Key words: UVB j solar elastosis j elas-
tinjglycosaminoglycans. ] Invest Dermatol 103:797-800, 
1994 
different changes, including cross-linked collagen and increased 
skin sagging [7,9,10]. Based on studies using quenchers and inhibi-
tors, reactive molecular species involved in photoaging of murine 
skll1 have been suggested to include superoxide anion, iron-cata-
lyzed oxidative species, and free radicals [11,12]. UVB-induced 
ar~chidonic acid metabolites are also important mediators in photo-
agmg, as cyclooxygenase inhibitors decreased the chronic UVB-
induced increase in collagen and elastin [13,14]. The relations 
between the various reactive molecular species, different inflamma-
tory mediators, and specific molecular changes in skin remain to be 
defined . 
UVB radiation-induced cytokines may be important mediators 
for photoaging; ill vitro, several cytokines (interleukin [IL)-t, IL-6 , 
IL-8 , IL-10, tumor necrosis factor [TNF]-ll', granulocyte 
macrophage - colony-stimulating factor) are released by keratino-
cytes in response to UVB radiation [15-18]. These cytokines par-
ticipate in many inflammatory functions [19] . They also influence 
the synthesis of extracellular matrix components by dermal fibro-
blasts and thus may participate in remodeling of the dennis in re-
sponse to chronic UV radiation exposure [20-23]. 
The participation ofTNF-ll' in UVB-induced effects on cutane-
ous immune function has been investigated using two strains of 
mice, C3H/HeN and C3H/He], one of which is susceptible to 
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UVB-induced inhibition of the induction of contact hypersensitiv-
ity (C3H/HeN) and one of which (C3H/HeJ) is not. These two 
strains carry different alleles at the Lps locus, and it has been pro-
posed that keratinocytes of the C3H/HeN strain prod~ce exces~ive 
TNF-a in response to UVB exposure and that TNF-a IS responsible 
for the impairment of the immune function [24] . This hypothesis 
has been supported by resul ts showing that anti - TNF-a antibodies 
decrease the UVB-induced immunosuppression in strains that are 
susceptible to this effect [24]. 
Based on these results, a comparison between the responses in 
C3H/HeN and C3H/HeJ strains to chronic UVB irradiation ap-
peared to provide a good experimental s~stem to evalu~te the role of 
TNF-a in a murine model for photoagmg. Balb/c mice also were 
included in this study because they are not susceptible to UVB-in-
duced inhibition of the induction of contact hypersensitivity (like 
C3H/HeJ mice), but the defect appears to be in the TNFa locus 
rather than the Lps locus [24]. 
MATERIALS AND METHODS 
Anitnals C3H/HeN mice were purchased from Charles River Laborato-
ries (Wilmington, MA). C3H/He] and Balb/c mice were purchased from 
Jackson Laboratories (Bar Harbor, ME). All mice were female and were 6-8 
weeks old at the beginning of the lHadlatlOn period. 
Materials Desmosine, anti-desmosine antiserum, and Bolton Hunter-
labeled desmosine were obtained from Elastin Products Co. (Owensville, 
MO). Goat anti-rabbit antiserum was from Organon Teknika Corp. (West 
Chester, PAl. Evans blue, hexadecyltrimethyl ammonium bromide, chlora-
mine T, 30% H20 2 , Bis-Tris buffer, and 4-hydroxyproline were from 
Sigma Chemical Co. (St. Louis, MO). o-Dianisidine dihydrochloride was 
from Eastman Kodak (Rochester, NY), and 4-{dimethylamino)-benzalde-
hyde was from Aldrich (Milwaukee, WI). I2SI was from New England 
Nuclear (Boston, MA) . TNF-Q' enzyme-linked immunosorbent assay kits 
were obtained from Genzyme (Cambridge, MA). 
Irradiation The light source was a bank of 12 UVB-HO-90· fluorescent 
tubes (Elder Pharmaceuticals Inc.), which provided 0.5 mW /cm2 at the 
dorsal surface of the mice as measured with an IL-1700 radiometer equipped 
with an SED 240 UVB detector (International Light Inc., Newburyport, 
MA). The spectral output was as described previously, with the dominant 
wavelengths between 290 and 320 nm [14J. 
For chronic exposures, mice were clipped and irradiated in groups of five 
per cage on Monday, Wednesday, and Friday. For C3H mice, the dai ly light 
dose in]/cm2 (week) was 0.06 (1), 0.24 (2), 0.48 (3-12), 0.96 (13-19), and 
1.5 (20 -29). The total light UVB radiation dose was 75 J/cm2. For Balb/c 
mice, the daily light dose in ]/cm2 (week) was 0.06 (1), 0.09 (2), 0.12 (3) , 
0.24 (4) , 0.36 (5 ,6), 0.48 (7), 0.60 (7), and 0.9 (9 - 12). The total dose was 19 
J/cm2 • Control animals were treated identically except that they were not 
irradiated. 
Extracellular Matrix Components The elastin, GAG, and collagen 
content of the skin of chronically irradiated or unirradiated mice was mea-
sured at the end of the irradiation period. The elastin content was calculated 
from the amount of desmosine measured by radioimmunoassay, the GAG 
content was determined from the amount of uronic acid measured by a 
spectrophotometric assay, and the amount of collagen was calculated from 
the hydroxyproline level. Measurements were made per area of skin using 
techniques described previously [14J . 
Histology Four-micrometer sections were stained with hematoxylin and 
eosin and coded before evaluation of epidermal morphology. Elastic fibers 
were evaluated on resorcin fuchsin-stained sections, and GAG content and 
distribution were assessed on coded colloidal iron-stained sections. Mast cells 
were counted on resorcin fuchsin-stained sections in a coded fash ion using an 
eyepiece micrometer with a 10 X 10 square grid (0.25 mm/side). The mi-
crometer was al igned with one edge along the dermal-epidermal junction, 
and all mast ce lls fallin g within the grid were counted. Nine to twelve fields 
per section and three sections per group were counted. A similar procedure 
was used to count neutrophils on frozen sections that were fixed in acetone 
and stained with benzidine dihydrochloride and H20 2 , as described previ-
ously [14J. Dermal thickness was measured with an ocular micrometer. 
Isolation and Irradiation of Murine Keratinocytes Clipped and depi-
lated murine skin was floated, dermis side down, on a solution of 0.5% 
trypsin and 1.5 U /ml diapase in phosphate-buffered saline without Mg++ or 
Ca++ for 40 min at 37 "C. The epidermis was scraped offin buffer containing 
2% fetal bovine serum and dispersed by stirring for 15 min. The suspension 
was filtered through nylon and the cells were centrifuged, resuspended, 
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Table I. Elastin, GAG, and Collagen Content of 
Chronically UVB-Irradiated and Unirradiated Murine Skin" 
Murine Strain Elastin 
and {Desmosine, 
Treatment nmol/cm2) 
C3H/HeN' 
- UVB 1.18 ± 0.59 
+UVB 2.81 ± 1.15' 
C3H/He]' 
-UVB 1.69 ± 0.96 
+UVB 4.73 ± 1.29,·J 
Balb/c 
-UVB 1.41 ± 0.22 
+UVB 4.21 ± 2.02/ 
"All values are mean ±SD. 
b Ten mice per group. 
GAGs 
{Uronic Acid, 
J.lg/cm2) 
13.0 ± 3.5 
20.1 ± 4.2' 
12.3 ± 2.0 
17.2 ± 3.9' 
64.1 ± 11.1 
97.3 ± 23.31 
, p < 0.01 compared to non - UVB-treated group. 
J p < 0.01 compared to UVB-irradiated C3H/HeN group. 
, Five mice per group. 
f p < 0.05 compared to non- UVB-treatcd group. 
Collagen 
(Hydroxyproline, 
J.lg/cm2) 
446 ± 93 
549 ± 55' 
472 ± 66 
608 ± 54' 
402 ± 46 
344 ± 23 
counted, and plated at 3 X 106 cells per 35-mm well. Keratinocytes were 
maintained in keratinocyte growth medium (Clonetics, San Diego, CAl 
overnight. Before the irradiation, the medium was removed from all wells 
and replaced with colorless Hanks' balanced salt solution . The control sam-
ples were handled identically to the irradiated samples except that they were 
kept in the dark. Cells were irradiated in uncovered wells (three wells at each 
UVB dose), the Hanks' balanced salt solution was replaced with keratinocyte 
growth medium, and the cells were incubated for 24 h. Cell viability was 
assessed 24 h after irradiation using trypan blue. 
TNF-Q' Assay Supernatants (1 ml) were transferred to 1.5-ml microcen-
trifuge tubes and centrifuged at 100,000 X g for 10 min. The supernatants 
were removed and the pellets discarded. Supernatants were frozen at -70" C 
until assayed. Assays were performed with a TNF-aenzyme-linked immun-
osorbent assay specific for murine TNF-Q' (standards linear 0.5 - 8 ng/ml). 
Aliquots (0.10 ml) from each of three wells for each condition were assayed 
in duplicate fo llowing the instructions in the kit. Results were expressed as 
ng/ml of supernatant and normalized for 5 X 106 cells/well initial cell 
number (actual range 3-5 X 106 cells/well) . 
Statistical Analysis Standard deviations were calculated. Two-tailed, 
unpaired Student t test was used to evaluate differences between experimen-
tal groups. 
RESULTS 
Chronic UVB-Induced Changes in Dermal Macromole-
cules C hronic exposure of C3H/HeN , C3H/HeJ , and Balb/c 
mice to UVB radiation increased the content of elastin, GAG, and 
collagen (except for Balb/c mice) in dorsal skin based on the amount 
per area of skin compared to unirradiated, age-matched control 
groups (Table I) . UVB radiation induced larger increases in elastin 
than in GAG or collagen content. Increases in elastin of 2.4-, 2.8-, 
and 3-fold were obtained for C3H/HeN, C3H/HeJ, and Balb/c 
mice, respectively. The difference between the percent increases for 
C3H/HeN and C3H/HeJ mice was statistically significant (p < 
0 .01). The UVB-induced increases in GAG were similar for all 
three strains (approximately loS-fold; p < 0.01 for the C3H strains 
and p < O.OS for the Balb/c versus unirradiated controls). A small 
increase was observed for collagen content (approximately 1.2-fold; 
p < 0.01) in the C3H strains, and a small , nonsignificant decrease 
occurred in the Balb/c mice compared with unirradiated controls. 
Histologic Changes in the Dermis in Response to Chronic 
UVB Irradiation The number of dermal mast cells in C3H/ 
HeN mice was increased by chromc UVB exposure (7 .7-fold) com-
pared to unirradiated, age-matched control mice. In contrast, the 
number of mast cells in C3H/HeJ mice was unaffected by chronic 
UVB exposure (Fig 1). The mast cells in C3H/HeN mice increased 
during the irradiation period from 9.6/mm2 before irradiation to 
24/mm2 at 9 weeks, 67/mm2 at 18 weeks, S8/mm2 at 2S weeks, and 
72/mm2 at 29 weeks. Chronic exposure of Balb/c mice to UVB 
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Figure 1. Number of mast cells in chronically UVB-irradiated or 
un irradiated murine skin. Mast cells were counted 111 9 - 12 fields on each 
of three sections per experimental group in irradiated (open bars) and unirra-
diated (closed bars) skin. Error bars are SOs from the mean. 
radiation produced a 2.3-fold increase in ma~t cell. number com-
pared to unirradiated, age-matche~ c?ntr?1 mice (FIg 1). 
Chronic exposure to UVB radiatIOn mcreased the number of 
neutrophils per area of skin by about the same factor for the two 
C3H murine strains (from 94 to 168/mm2 for C3H/HeN and from 
102 to 168/mm2 for C3H/HeJ). The GAG staining appeare~ to 
differ between the two C3H strains. In C3H/HeN madlated 11l1ce, 
staining with colloidal iron was mainly .light and continuou~ in the 
papillary dermis (six of 10), where.as m the C3H/HeJ mice the 
staining was mainly heavy and contmuous (seven of 10). The der-
mal thickness increased by approximately the same amount (50% to 
61 %) in the two C3H strains. 
Histologic Changes in the Epidermis in Response to Chronic 
UVB Irradiation Irradiated C3H/HeN mice showed greater 
changes in the epidermis than C3H/HeJ m.ice. Pleomorphic kera~i­
nocytes were found in all (10 of 10) sectlons of C3H/HeN skin 
versus one of 10 for C3H/HeJ; vacuolar degeneratio.n of t~e basal 
cells was found in 9 ofl0 sections from C3H/HeN skm but 111 none 
from the C3H/HeJ skin. Dyskeratotic cells also w,ere more frequent 
in irradiated C3H/HeN skin (nine of 10) than 111 C3H/HeJ skm 
(five of 10). 
TNF-a Production by Isolated Murine Epidermal Cel.ls 
Epidermal cells from all three strains of mice produced TNF-a 111 
response to UVB (Fig 2). A UVB dose of30 mJ/cm2 increased the 
TNF-a produced by both C3H strains by similar amounts (1.7-fold 
for C3H/HeN and 1.5-fold for C3H/HeJ) . Both strains showed a 
decrease in TNF-a produced at the lowest UVB dose. UVB radia-
tion decreased the viability of the cells by 25% (C3H/He~) a~d 
38% (C3H/HeJ) at 30 mJ/cm2• Similar results were obtamed 111 
twO experiments. Balb/c epidermal cells'produced less TNF~a (ap-
proximately fivefold) than the C3H strall1S, but UVB radiation (30 
mJ/cm2) increased the level by a greater fact?r (approxll113tely 4.5-
fo ld) . The UVB doses did not decrease the Viability ofBalb/c cells. 
DISCUSSION 
The approach taken to evaluate the importance ofTNF-a in Iu,urine 
photoaging was to us~ strains o~ mice .that, based on studies of 
UVB-induced suppressIOn of the I11ductlOn of contact ~ypersensl­
tivity, differed in their ability to produce excess TNF-a ill response 
to UVB exposure [24,25]. The C3H/HeN mice are "UVB suscep-
tible" (produce excess TNF-a) , and the C3H/HeJ and Balb/c ~re 
not UVB susceptible (do not produce excess TNF-a) . If a speCific 
chronic UVB-induced response was greater (or less) in C3H/HeN 
mice than in the other two strains, it would indicate that TNF-a 
was an important mediator (inducer or inhibitor) for that response 
in murine photoaged skin. 
Some of the signs associated with photoaging in murine skin 
were greater in C3H/HeN mice, namely, the increases in mast cells 
(C3H/HeN ~ Balb/c> C3H/HeJ; Fig 1) and in epidermal 
damage (C3H/HeN ~ C3H/ HeJ). Epidermal changes, such as 
the number of dyskeratotic and polymorphic keratinocytes, have 
not been described previously as being associated w ith photoaging. 
In contrast, some photoaging signs were greater in the C3H/HeJ or 
Balb/c mice than in C3H/HeN mice, including the elastin accu-
mulation (Balb/c = C3H/HeJ > C3H/HeN; Tabl~ I) and the in-
tensity of dermal GAG staining (C3H/HeJ > C3H/HeN). The 
greater increase in elastin in the mice with lower UVB-induced 
TNF-a levels is consistent with the known inhibitory effect of this 
cytokine on tropoelastin production irl vitro [22]. The difference in 
GAG staining does not parallel the quantitative results of GAG 
content, possibly indicating that different, less intensely staining 
classes of GAGs are produced in the presence of excess TNF-a [26]. 
It is important that other signs associated with photoaging did not 
differ between the two C3H strains and thus are not influenced by 
th e concentration ofTNF-a; these include increases in the number 
of neutrophils, collagen, and GAG content (Table I). Thus, these 
results indicate that TNF-a is an important mediator for some, but 
not all , signs of cutaneous photoaging. 
The cellular source for production of differential amounts of 
TNF-a in response to UVB exposure in mouse strains had not been 
defined in previous studies. Our results using isolated epidermal 
cells show increased production of TNF-a by cells from all three 
murine strains in response to UVB radiation (Fig 2). Many studies 
of macrophages from the two C3H strains have shown that low 
levels of agents such as lipopolysaccharide induce much greater 
amounts of TNF-a from C3H/HeN than from C3H/HeJ cells 
[27 - 30]. It has been postulated that production and mobilization of 
mRNA for TNF-a (and other inflammatory cytokines) is con-
trolled by the Lps gene product, which is defective in C3H/HeJ 
mice because of a mutation at the Lps locus [27]. Other molecules 
stimulate TNF-a production from both C3H strains by an unchar-
acterized mechanism [31 ,32]. Our resu lts on isolated epidermal cells 
indicate that UVB radiation appears to be acting by a pathway not 
regulated by the Lps gene product, similar to these latter agents. In 
support of this conclusion, a recent study demonstrated that UVB 
radiation induces expression of TNF-a mRNA in macrophages 
from both C3H strains and that the mechanisms for lipopolysaccha-
ride and UV induction ofTNF-a differ [33]. Thus, epidermal cells 
do not appear to be the source of the differential levels of TNF-a 
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Figure 2. Production ofTNF-a by isolated murine epidermal cells 
in response to a single exposure to UVB irradiation. Cells were incu-
bated in keratinocyte growth medium for 24 h after UVB exposu.re. Results 
show C3H/ HcN (circles), C3H/HcJ (sq/lares), and Balb/c (triatlgles). Error 
bars are SOs and are not shown when they are smaller than the symbols. 
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required to explain previous studies of UV-induced immune sup-
pression [24,25]. 
A model that is consistent both with our results and with the 
involvement of T NF-a in UVB-induced suppression of induction 
of contact hypersensitivity involves two steps: (1) UVB radiation 
elicits the same mediators from the epidermis of both C3H strains 
and Balb / c mice, and (2) one or more of these mediators stimulates 
production of excess TNF-a (and other factors) from another cell 
type only in the strain that possesses normal Lps and TNFa locI 
(C3H/HeN). Thus, the inhibition of the UVB-induced immune 
suppression by anti- TNF-a antibody [24] occurs by inactivating 
the large amounts ofTNF-a produced by the second cell type rather 
than by epidermal cells. The mediator from the epidermis could be 
any of the soluble molecules produced by epidermal cells in response 
to UVB, including cytokines and arachidonic acid metabolites. It 
should be noted that the gene product of the Lps locus has been 
shown to regulate other inflammatory cytokines [34] and that 
TNF-a can influence the production of other cytokines. Thus, our 
results do not rule out important roles for other cytokines in the 
photoaging changes associated wit!: excess !NF-a production .. 
production of the factor responsible for II1creased mast cells 111 
C3H/HeN mice also must be controlled by the Lps gene product to 
account for the difference between the C3H strains. The partial 
inhibition of the elastin increase in C3H/HeN mice may be attrib-
uted to TNF-a controlled by this mechanism because, as mentioned 
above, TNF-a inhibits tropoelastin synthesis by fibroblasts in vitro 
[22]. On the other hand, manifestations of photoaging that do not 
vary between the murine strains (increased content of GAG and 
collagen, increased neutrophil numbers) do not involve the media-
tors controlled by the Lps gene product. Because these changes did 
not correlate with the greatly increased mast cell numbers in the 
C3H/HeN strain, it appears that products of mast cells are not 
important for these responses to chronic UVB exposure. Previously, 
mast cells . had been shown to increase in murine photoaging 
[5 ,7,14,35] and in human photoaged skin [2,36]. Indeed, in one 
study mast cells and fibroblasts frequently were found in close con-
tact, suggesting that mast cell products were stimulating dermal 
fibroblasts [2] . 
In sUlmnary, our results indicate that mediators regulated by the 
gene product of the Lps locus, including TNF-a, are likely to be 
important in the processes leading to greater numbers of mast cells 
in chronically UVB-exposed skin and partial inhibition ofUVB-in-
duced elastin increase . N either these mediators nor mast cell prod-
ucts appear to be responsible for the increased GAGs, collagen, and 
neutrophils seen in photoaged murine skin. 
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